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A B S T R A C T
The aim of the present study was to prepare activated carbon from milk vetch and utilize as-prepared
activated carbon for sequestering Acid orange 7 (AO7) as an azo dye from batch ﬂow mode experimental
reactors. The result of SEM analysis conﬁrmed porous structure for the activated carbon in which the
major portion of the pore diameter size distribution was lower than 100 nm with frequency of 67%. As
results, the adsorption of AO7 was decreased from 45.90 to 33.35 mg/g with increasing initial pH from 3
to 11, respectively. Increasing adsorbent dosage from 0.5 to 1.5 g/L resulted in increasing the
decolorization efﬁciency (%) from 59.96 to 89.40%, respectively. The experimental data were best
represented by the pseudo-second order kinetic model (R2 = 0.9865) regarding intraparticle diffusion
rate. Among studied isotherm models, the adsorption of AO7 onto activated carbon obeyed Langmuir
model (R2 = 0.9907) with a maximum adsorption capacity of about 99 mg/g. The obtained value for mean
free energy (0.25 kJ/mol) indicated that the adsorption of AO7 is physical in nature. Comparatively, as-
prepared activated carbon derived from milk vetch had more adsorption capacity than that of
commercial activated carbon for the adsorption of AO7 at the same operational conditions.
 2014 Taiwan Institute of Chemical Engineers. Published by Elsevier B.V. All rights reserved.
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jou r nal h o mep age: w ww.els evier . co m/lo c ate / j t i c e1. Introduction
Nowadays, water contamination due to the discharge of colored
efﬂuents containing organic dyes into aqueous environments has
grown drastically [1–3]. Discharging colored efﬂuents into such
environments can cause detrimental effects on aquatic life due to
their toxicity irrespective of esthetic undesirability of colored
efﬂuents [1,4–6]. There are many industries discharging organic
dyes in aqueous environments such as textile, clothing, reﬁneries,
dyestuff, leather, carpet, rubber, plastic, paper and food processing
[7–9]. Among different organic dyes, azo dyes are identiﬁed as
carcinogenic and mutagenic compounds and can cause toxicity to
aquatic organisms and human life [8,10,11]. Therefore, it is essential
to remove azo dyes from colored efﬂuents before being discharged to
aqueous environments. Due to the low biodegradability of azo dyes,
various physico-chemical methods such as coagulation/ﬂocculation,
chemical oxidation, chemical precipitation, electrochemical* Corresponding author. Tel.: +98 8633662024; fax: +98 8633686443.
E-mail address: darvishi@arakmu.ac.ir (R. Darvishi Cheshmeh Soltani).
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1876-1070/ 2014 Taiwan Institute of Chemical Engineers. Published by Elsevier B.V. processes, membrane technology and adsorption process have been
used for treating colored efﬂuents [8–12]. Among all above-
mentioned technologies, physical adsorption onto activated carbon
has proposed to be one of the most efﬁcient and applicable
approaches in terms of its simplicity, ease of operation, no generation
of by-products and low sensitivity to toxic environments
[6,7,10,13,14]. However, the application of commercial activated
carbon has been limited because of its high cost and the need for
regeneration [1,9,11,13]. Therefore, in recent years, the application of
activated carbon produced from low-cost agricultural wastes has
been considered as alternative adsorbents for the decolorization of
colored solutions [9,11,15]. There is a growing trend on the use of
carbonaceous waste materials for the production of activated carbon.
Different carbonaceous waste materials such as safﬂower [16],
hardwood [17], spent coffee [18], lignin [19], loofa sponge plant [20],
pomegranate peel [10], ﬁr wood [8], coconut husk [14] and bamboo
culms [11] have been utilized as precursor for activated carbon. The
application of locally available carbonaceous materials for the
preparation of activated carbon can be a promising and economical
approach for sequestering various target pollutants such as organic
dyes in aqueous phase [13]. Thus, in the present study, the applicationAll rights reserved.
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as precursor for activated carbon to remove Acid orange 7 (AO7) as an
azo dye from aqueous solutions. Milk vetch is a large genus of about
3000 species of herbs [21], which is distributed in large quantities in
Iran. Thus, it can be used as an inexpensive carbonaceous material for
preparing activated carbon. Moreover, the inexpensive activated
carbon can be disposed without the need for regeneration. Chemical
activation is preferred over physical activation for the synthesis of
activated carbon because of its simplicity, shorter activation time and
better evolution of the porous structure [16]. Therefore, in the present
work, chemical activation of precursor by concentrated phosphoric
acid was employed. Hitherto, there has been no report on the use of
milk vetch for the production of activated carbon and subsequent
application for treating colored solutions. The effect of initial pH,
adsorbent dosage, reaction time, adsorbate concentration and the
presence of competing anions on the adsorption of AO7 was
evaluated. In addition, kinetic and isotherm studies were performed
to reach a better understanding of the mechanism of adsorption
process.
2. Materials and methods
2.1. Chemicals
Milk vetch as precursor for activated carbon was collected from
a hill near Ilam city, Iran. Commercial activated carbon, which was
charcoal actiff (Molecular weight = 12.01 g/mol and solubili-
ty = 2%), was purchased from Merck, Germany. AO7 was purchased
from Nasaj Sabet Co., Iran and used as received. The characteristics
of AO7 are illustrated in Table 1. All other chemicals (analytical
grade) were purchased from Merck, Germany. Stock dye solution
was prepared (1000 mg/L) and desired concentrations of the dye
were prepared through dilution of stock solution by distilled water.
2.2. Preparation of activated carbon from milk vetch
Firstly, the milk vetch shrub was washed with distilled water to
remove undesirable materials and dried in sunlight for 7 days. Then,
it was crushed into small pieces and dried in an oven at 100 8C until
constant weight. In the following, dried milk vetch was soaked in
concentrated phosphoric acid (95%) for 30 min under string for
activation. The weight ratio of milk vetch to phosphoric acid was set
to 1:10. The activated precursor was placed in a stainless steel vessel
and heated at 600 8C for 1 h in an electric furnace. After that,
activated carbon was rinsed with deionized water until the pH of
rinsing water reached 6.5. The sample was placed in the oven again
at 120 8C for 1 h. Finally, it was ground, sieved and particles between
60 and 120 mesh size were utilized for the adsorption of AO7 in theTable 1
Characteristics of Acid orange 7.
C.I. name Chemical structure C
Acid orange 7 (AO7) Asubsequent experimental runs [4,6,11,13]. The sieved activated
carbon was stored in a desiccator before conducting experiments.
2.3. Experimental procedure
Hundred milliliter Erlenmeyer ﬂasks were used as batch ﬂow
mode experimental reactors to investigate the effect of studied
operational parameters inﬂuencing the adsorption of AO7 onto as-
prepared activated carbon. A shaker (Dragonlab, Model: SK-L330-
Pro, China) was used to agitate the ﬂasks containing AO7 for an
efﬁcient interaction between the dye molecules and adsorbent.
The experimental runs were conducted according to Table 2. A
control Erlenmeyer ﬂask without activated carbon was employed
to determine the adsorption of AO7 in the absence of adsorbent. All
experimental runs were performed twice and the mean values
were reported. Before the addition of adsorbent, the pH of colored
solutions was adjusted using 0.5 M HCl and 0.5 M NaOH solutions.
All experiments were carried out at room temperature (25 8C).
2.4. Analysis
Scanning electron microscopy (SEM) was employed to analyze
structural characteristics of the as-prepared activated carbon by
means of a scanning electron microscope (TESCAN, Model: MIRA3,
Czech Republic). Then, one of the obtained SEM images was used to
calculate pore diameter size distribution of the synthesized
activated carbon using Manual Microstructure Distance Measure-
ment software (Nahamin Pardazan Asia Co., Iran). Moreover,
speciﬁc surface area of the adsorbent was determined through BET
analysis (BET-Quantochrome 2000-USA). Fourier transform infra-
red (FT-IR) analysis was carried out using a spectrophotometer
(Tensor 27, Bruker, Germany) to specify the role of surﬁcial
functional groups of the activated carbon in adsorption process.
The spectra were recorded in the wavenumber between 400 and
4000/cm. Furthermore, the point of zero charge (pHpzc) was
measured using pH drift method to ﬁnd out the surface charge of
the adsorbent [5]. To measure the pH of solution, a Metrohm pH
meter was used (Model: E532, Germany). At regular time intervals,
the samples were collected and centrifuged for 5 min at 5000 rpm
and resulted supernatants were used to determine the residual
concentration of AO7 with a UV–vis spectrophotometer (DR-5000,
Hach Co., USA) at maximum wavelength of 485 nm. The amount of
adsorbed AO7 was calculated through the following equation:
q ¼ ðCo  CÞ  V
M
(1)
where q (mg/g), Co (mg/L) and C (mg/L) are the amount of adsorbed
AO7, the initial and the ﬁnal concentration of AO7 in the solution,
respectively. In addition, V (L) is the volume of the colored solutionhemical class Molecular formula Mw (g/mol) lmax (nm)
nionic dye C16H11N2NaO4S 350.32 485
Table 2
Experimental design for the adsorption of AO7 onto as-prepared activated carbon.
No. Parameter Operational parameters
Initial pH Adsorbent dosage (g/L) Reaction time (min) Dye concentration (mg/L)
1 Initial pH 3–11 1 30 50
2 Adsorbent dosage 7 0.5–1.5 30 50
3 Reaction time 7 1 5–60 50
4 Dye concentration 7 1 30 25–150
5 Kinetic study 7 1 5–30 50
6 Isotherm study 7 1 30 25–150
7 Effect of anions 7 1 30 50
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the decolorization of AO7 [1,6].
3. Results and discussion
3.1. SEM and FT-IR analysis
Scanning electron microscope was employed to determine
porosity, particle shape and particle size distribution of the
activated carbon. Fig. 1 shows the SEM images of activatedFig. 1. SEM image of as-prepared activated carbon taken at different magniﬁcarbon taken at different magniﬁcations. As shown in Fig. 1(a)
and (b), activated carbon derived from milk vetch had an uneven
structure with a relatively uniform particle size distribution. A
highly porous structure for the activated carbon can be seen from
Fig. 1(c). Porous structure of the activated carbon provides higher
surface area and subsequently more active site for the adsorption
of AO7 molecules [10,16]. This phenomenon indicated that
phosphoric acid as activator was efﬁcient in producing and
developing pores of the precursor. Besides, the result of BET
analysis exhibited a speciﬁc surface area of 565 m2/g forcations (a–c) and corresponding pore diameter size distribution plot (d).
Fig. 3. Variations in the amount of adsorbed AO7 onto actiavted carbon versus initial
pH together with pHpzc plot.
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higher surface area for as-prepared activated carbon to efﬁciently
adsorb dye molecules.
Additionally, manual microstructure distance measurement
software was employed to reach a better understanding of the
porosity of the adsorbent and the pore diameter size distribution
which is an important factor during sequestering adsorbate
molecules in adsorption process. The pore diameter size distribu-
tion plot of synthesized activated carbon is depicted in Fig. 1(d). As
result, the pore diameter size distribution plot of activated carbon
demonstrated that most of the pores are ranged between 40 and
60 nm with frequency of 25%. The frequency of the range between
20 and 40 nm (as the smallest pore diameter size range) was about
13% which was higher than that of 160–180 nm (as the largest pore
diameter size range) with frequency of 5.7%. These results showed
that most of the pores are ranged between 40 and 60 nm with
frequency of about 67%, which indicated an appropriate porous
structure obtained for the activated carbon derived from milk
vetch. The International Union of Pure and Applied Chemistry
(IUPAC) has proposed the following convention: micropores (pore
diameter size < 20 nm), mesopores (20 nm < pore diameter
size < 500 nm), and macropores (pore diameter size > 500 nm)
[22]. Therefore, activated carbon prepared from milk vetch is
classiﬁed as mesoporous activated carbon.
FT-IR analysis was conducted to evaluate the involvement of
surﬁcial functional groups in the adsorption of AO7 onto activated
carbon. As it can be seen from Fig. 2, an obvious change in the broad
band centered at 3430/cm (corresponding to the stretching
vibration of O–H groups) [1,19,23] was happened after the
adsorption of AO7. Similar phenomenon was happened to the
peak located at 1038/cm, which is attributed to C–O stretching
vibration [16,18,23]. However, as it is obvious from the spectra, the
involvement of functional groups placed on the surface of as-
prepared activated carbon is limited in the adsorption of AO7.
3.2. Effect of initial pH and point of zero charge
The pH of solution is an important parameter inﬂuencing the
adsorption of different target pollutants, since it can affect the
surﬁcial charge of the synthesized adsorbent and adsorbate species
within the solution [7,24]. The effect of initial pH on the adsorption
of AO7 was studied and the result is depicted in Fig. 3. Increasing
initial pH from 3 to 7 resulted in a gradual decrease in theFig. 2. FT-IR spectra of the activated carbon before and after the adsorption of AO7.adsorption of AO7 from 45.90 to 42.56 mg/L, respectively, while
further increase in the initial pH up to 11 caused a sharp decrease
in the adsorption of AO7 to 33.35 mg/g. Therefore, considering
economical point of view, pH value of 7 was chosen as selective
value for subsequent experiments. Anionic dyes such as AO7 have
negative charge caused by the presence of SO3
 groups [5].
Increasing initial pH results in increasing the amount of hydroxide
ions (OH) competing with AO7 molecules as anionic dye for
occupying adsorption sites of the activated carbon [10,18], while
decreasing initial pH leads to the protonation of the surface of
activated carbon which is favored for sequestering anionic dyes [1].
Fig. 3 also shows the pHpzc of the activated carbon which is an
appropriate approach to describe the mechanism of the adsorption
process under different initially adjusted pHs. As it is evident from
Fig. 3, the pHpzc of synthesized activated carbon was estimated to
be 2.95. Regarding pHpzc, it can be stated that the surface of
activated carbon will be de-protonated at pH values higher than
2.95; thus, the adsorption of negatively charged AO7 is hindered at
pH values higher than pHpzc [12].
3.3. Effect of adsorbent dosage
The effect of adsorbent dosage was evaluated by varying the
dosage of activated carbon between 0.5 and 1.5 g/L. As shown in
Fig. 4, increasing adsorbent dosage from 0.5 to 1.5 g/L led to
increasing the decolorization efﬁciency (%) of AO7 from 59.96 to
89.40% and decreasing the amount of adsorbed AO7 from 59.96 to
29.80 mg/g, respectively. The increased decolorization (%) of AO7
at high adsorbent dosages can be due to the increased available
surface area and subsequently more adsorptive sites for an
efﬁcient adsorption [13,16]. As illustrated, increasing adsorbent
dosage from a speciﬁed value of 1.0–1.5 g/L caused an insigniﬁcant
increase in decolorization (%) of AO7. Thus, an adsorbent dosage of
1 g/L was chosen for conducting subsequent experimental runs.
Similar result has been reported by Cheriﬁ and coworkers in the
case of the adsorption of methylene blue onto activated carbon
obtained from vegetable sponge of cylindrical loofa [20].
Fig. 4. Effect of adsorbent dosage on the amount of adsorbed dye (mg/g) and
decolorization efﬁciency (%) of AO7.
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Fig. 5 shows the amount of adsorbed AO7 onto as-prepared
activated carbon as a function of reaction time. The amount of
adsorbed AO7 was drastically increased to 40 mg/g with increasing
contact time up to 30 min. Then, it was gradually increased from 40
to 41.05 mg/g with increasing contact time from 30 to 60 min,
respectively. Thus, a contact time of 30 min can be considered as
equilibrium time where the amount of adsorbed AO7 molecules
onto adsorbent is in a dynamic balance with the desorbed
molecules from the surface of activated carbon. Aber et al., in
their study, reported an equilibrium time of 75 min for the
adsorption of AO7 onto commercial activated carbon [25].
The adsorption rate is one of the important factors which can be
used for the evaluation of adsorption process to be utilized as a full-
scale adsorption plant. For this reason, pseudo-ﬁrst order, pseudo-
second order and intraparticle diffusion models, as most widely
used kinetic models, were applied to comprehend the mechanism
of adsorption process. The linearized pseudo-ﬁrst order kineticFig. 5. Effect of contact time on the adsorption of AO7 together with intraparticle
diffusion plot.model is given as the following equation:
logðqe  qÞ ¼ log qe 
k1;ad
2:303
 
t (2)
where qe (mg/g), q (mg/g) and k1,ad (1/min) are the adsorbed dye
molecules at equilibrium time, the adsorbed dye molecules at a
speciﬁed time of t and the rate constant belonging to the pseudo-
ﬁrst order model, respectively [2,20]. A straight line of log (qe  q)
versus t suggests the suitability of pseudo-ﬁrst order kinetic model.
The intercept and slope of the plot determine the values of qe and
k1,ad, respectively. Accordingly, the values of qe and k1,ad were
obtained to be 61.120 mg/g and 0.1490 1/min, respectively. The
linearized pseudo-second order kinetic model is represented
through the following equation:
t
q
¼ 1
k2;adq2e
 
þ 1
qe
 
t (3)
where k2,ad (g/mg min) is the rate constant pertaining to the
pseudo-second order kinetic model [2,17]. The values of qe and
k2,ad can be obtained from the slope and intercept of the plot of t/q
versus t, respectively. On the basis of the obtained equation, the
values of qe and k2,ad were found to be 56.820 mg/g and 0.0014 g/
mg min, respectively. The application of intraparticle diffusion
kinetic model would be beneﬁcial in order to attain the adsorption
rate within a speciﬁed contact time. The intraparticle diffusion
model can be linearized as the following equation:
qt ¼ kpt0:5 þ C (4)
where qt (mg/g), kp (mg/g min
0.5) and C are the amount of adsorbed
dye molecules, the intraparticle diffusion rate constant and
intercept of the plot, respectively [20]. The kinetic parameters
related to each kinetic model are shown in Table 3. The ﬁtness of
adsorption process to the pseudo-ﬁrst order model indicated that
the process is controlled by diffusion through boundary layer
[10,26]. However, as given in Table 3, the value of correlation
coefﬁcient of the pseudo-second order kinetic model (R2 = 0.9865)
was slightly higher for the adsorption of AO7 onto as-prepared
activated carbon compared to the pseudo-ﬁrst order kinetic model
(R2 = 0.9425), which indicated that the experimental data are best
represented by the pseudo-second order kinetic model. This
exhibited that different mechanisms are involved in the adsorption
of AO7 onto binding sites of the activated carbon including surﬁcial
adsorption and diffusion into the pores [12,26]. Moreover, the
investigational data were also ﬁtted to the intraparticle diffusion
model with a relatively high correlation coefﬁcient (R2 = 0.9706).
The plot of intraparticle diffusion kinetic model is shown via a
smaller ﬁgure in Fig. 5. As illustrated, the adsorption of AO7 is
composed of two separate steps, including surﬁcial adsorption orTable 3
The results of kinetic study for the adsorption of AO7 onto as-prepared activated
carbon.
Type of kinetic model Value
Pseudo-ﬁrst order model
R2 0.9425
k1,ad (1/min) 0.1490
qe (mg/g) 61.120
Pseudo-second order model
R2 0.9865
K2,ad (g/mg.min) 0.0014
qe (mg/g) 56.820
Intraparticle diffusion model
R2 0.9706
kp (mg/g min
0.5) 6.2959
C 6.1752
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into the pores. This behavior can be explained by the availability of
free adsorptive sites at the beginning and gradual saturation of the
sites as the reaction time was continued to prolong [2]. In addition,
the gentle intraparticle diffusion may be due to the low remaining
adsorbate molecules [13]. Similar behavior has been observed by
Amin et al. in the case of the adsorption of direct blue dye onto
activated carbon prepared from pomegranate peel [10]. The
equation of intraparticle diffusion model written on Fig. 5
(y = 6.2959x + 6.1752) showed that the plot does not pass through
the origin, indicating that the diffusion into the pores is not the sole
rate-determining step [13,27,28]. Additionally, as given in Table 3,
intraparticle diffusion rate was obtained to be 6.2959 mg/g min0.5.
In the present study, the obtained value for intraparticle diffusion
rate was higher than the value gained in our previous study
conducted for the adsorption of Acid Red 88 onto bio-silica/
chitosan nanocomposite (1.22 mg/g min0.5) [1]. The higher diffu-
sion rate of AO7 molecules into the pores is attributed to the
porous structure of the activated carbon with suitable pore
diameter size distribution which enhances mass transfer into the
pores.
3.5. Effect of initial concentration of the dye and isotherm study
The amount of adsorbed AO7 onto as-prepared activated carbon
as a function of initial dye concentration is depicted in Fig. 6. As it is
obvious from Fig. 6, the amount of adsorbed AO7 was increased
from 21.98 to 86.37 mg/g with increasing initial dye concentration
from 25 to 150 mg/L, respectively. It can be stated that a higher
initial AO7 concentration results in the increase in driving force
between the aqueous solution and activated carbon as solid phase.
This leads to enhanced collisions between dye molecules and
activated carbon and decreased resistance to the uptake of dye
molecules from colored solution improving the amount of
adsorbed dye [10,13].
Moreover, the isotherm plot, which is a plot of adsorbed AO7
onto activated carbon versus un-adsorbed dye molecules remain-
ing in the solution, is shown via a smaller ﬁgure in Fig. 6. The
isotherm data were ﬁtted to the Langmuir, Freundlich and
Dubinin–Radushkevich (D–R) isotherm models as the most widely
used isotherm equations. The ﬁtness of isotherm data to theFig. 6. Effect of initial dye concentration on the amount of adsorbed dye along with
the isotherm plot depicted at different initial dye concentrations.Langmuir model can give us suitable data about the capacity of the
as-prepared activated carbon. The Langmuir isotherm equation
was linearized as the following equation:
Ce
qe
¼ 1
Kqm
þ Ce
qm
(5)
where qm is the maximum adsorption capacity of the adsorbent for
sequestering dye molecules from aqueous phase (mg/g) and K is
the afﬁnity of the binding sites placed on the surface of the
adsorbent called as Langmuir constant (L/mg) [6,17,26]. To extend
the Langmuir model from a monolayer adsorption to several
molecular layers, BET isotherm model was applied. In this isotherm
model, it was assumed that each additional layer of adsorbate
molecules equilibrates with the below layer. The linearized form of
BET equation is represented via the following equation:
Ce
ðCs  CeÞqe
¼ 1
BQo
þ ðB  1Þ
BQo
 
Ce
Cs
 
(6)
where Cs is the concentration of adsorbate at saturation (mg/L). Q
o
and B are the amount of adsorbed dye molecules to form a
complete monolayer onto adsorbent surface (mg/g) and the BET
constant (the energy between adsorbate and adsorbent surface),
respectively [22]. The suitability of the adsorption process can be
estimated by calculating the separation factor (RL) which is a
parameter associated with the Langmuir isotherm model as the
following equation:
RL ¼ 1=ð1 þ C0KÞ (7)
where C0 (mg/L) is the initial dye concentration and K (L/mg) is
previously deﬁned as Langmuir constant. The values of RL
parameter are arranged as three distinct ranges including RL = 0
(irreversible adsorption), 0 < RL < 1 (favorable adsorption) and
RL > 1 (unfavorable adsorption) [8,26,27]. The Freundlich isotherm
equation was linearized as the following equation:
log qe ¼ log KF þ
1
n
log Ce (8)
where qe is the amount of adsorbed dye (mg/g) and Ce is the
concentration of un-adsorbed dye molecules remaining in the
solution (mg/L). In addition, n and KF are attributed to the
adsorption intensity and sorption capacity (mg/g), respectively
[17]. To determine the nature of the adsorption of AO7 onto
activated carbon, D–R isotherm model was employed. The
linearized form of D–R isotherm equation is given as the following
equation:
lnQ ¼ lnQ0  ke2 (9)
where Q is the amount of adsorbed dye molecules as mol/g, Q0
(mol/g) is the adsorption capacity and k (mol2/J2) is the constant
attributed to the adsorption energy, respectively [28]. Besides, e is
the Polanyi potential (J2/mol2) which can be determined via the
following equation:
e ¼ RTln 1 þ 1
Ce
 
(10)
where R is the universal gas constant (8.314 J/mol K) and T (K) is
the temperature of the solution containing adsorbate molecules,
respectively [29]. The results of isotherm study are provided in
Table 4. Accordingly, the value of the correlation coefﬁcient
obtained for Langmuir model was higher than that of Freundlich
model (R2 = 0.9907), which indicated that the adsorption of AO7
onto activated carbon followed Langmuir model with homoge-
neous adsorptive sites to be occupied by one layer of adsorbed
molecules [6,9]. Rodrı´guez et al., in their study, found that the
adsorption of Acid orange A onto activated carbon can be well
Fig. 7. Effect of the presence of competing anions on the amount of adsorbed AO7.
Table 5
The results of regeneration test.
Adsorbent First step Second step
h (%) Re (%) h (%) Re (%)
Virgin 85.12 – 85.12 –
Thermal regeneration 74.60 87.64 59.70 70.13
Chemical regeneration 63.98 75.16 49.00 57.56
Table 4
The results of isotherm study for the adsorption of AO7 onto as-prepared activated
carbon.
Type of isotherm model Value
Langmuir isotherm model
R2 0.9907
qmax (mg/g) 99.01
K (L/mg) 0.0850
RL 0.0004–0.003
Freundlich isotherm model
R2 0.9618
KF (mg/g) 15.693
n 2.3702
Dubinin–Radushkevich (D–R) isotherm model
R2 0.9737
k (mol2/J2) 8  106
Qo (mol/g) 0.0012
E (kJ/mol) 0.2500
BET isotherm model
Q (mg/g) 90.09
B 1.0091
R2 0.9941
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represented in Table 4, the maximum adsorption capacity (qmax) of
as-prepared activated carbon for the adsorption of AO7 was about
99 mg/g. The value of qmax is so close to the corresponding
parameter in BET isotherm (Qo = 90.09 mg/g). Furthermore, high
value of the correlation coefﬁcient for BET model (R2 = 0.9941),
conﬁrmed that the Langmuir isotherm model can be extended
from monolayer to multilayer adsorption. Multilayer adsorption of
AO7 onto as-prepared activated carbon showed that the adsorp-
tion of AO7 occurs through physical attraction. Additionally, as can
be seen from Table 4, low BET constant (B) implied weak van der
Waals forces between the adsorbate molecules and adsorbent
surface. The values of RL were found to be between 0.0004 and
0.003, indicating that the adsorption of AO7 onto activated carbon
derived from milk vetch would be favorable. The values of RL were
so close to zero, suggesting that the process is more reversible. It
means that a few operational stages are required to obtain the
highest decolorization efﬁciency (%) [8]. Furthermore, as given in
Table 4, the value of n (greater than 1) demonstrated that the
adsorption process has been taken place favorably [13]. One of the
beneﬁcial approaches, which can be used to evaluate the nature of
adsorption process, is to calculate the value of mean free energy (E)
through the following equation:
E ¼ 1
ð2kÞ0:5
(11)
If the value of E is between 8 and 16 kJ/mol, the adsorption
process occurs chemically, while the value of <8 kJ/mol indicates
that the adsorption process would be physical in nature [10,29]. As
can be seen from Table 4, the value of E (0.25 kJ/mol), which was
obtained for the present study, exhibited that the adsorption of
AO7 onto as-synthesized activated carbon is a physical interaction.
The activated carbon is cross-linked graphitic crystalline planes;
thus, the major reactive force between organic dyes and the
adsorbent is van der Waals forces [22]. It has been observed that
the adsorption of organic dyes onto activated carbon prepared
from waste carbonaceous materials can be occurred through
physical attraction [10].
3.6. Effect of the presence of competing anions
The effect of competing anions on the adsorption of AO7 as an
anionic dye was assessed by addition of some anions such as
sulfate, nitrate, carbonate and bicarbonate with initial concentra-tion ranging from 0.05 to 0.5 M. The effect of each anion on the
adsorption of AO7 was evaluated separately. Fig. 7 exhibits that not
only the presence of competing anions did not suppress the
adsorption of AO7 but also it slightly enhanced the amount of
adsorbed AO7 onto activated carbon. Among various anions, the
presence of sulfate ions produced the major effect on the
adsorption of AO7 molecules. The adsorption of AO7 onto activated
carbon was increased from 40 to 48.58 mg/g as sulfate concentra-
tion of 0.5 M was added to the solution. Similar results have been
reported by Santhy and Selvapathy in the case of the adsorption of
reactive dyes onto activated carbon prepared from coir pith [30].
3.7. Regeneration test
The regeneration test was carried out using thermal and
chemical regeneration. An initial dye concentration of 50 mg/L,
adsorbent dosage of 1 g/L and reaction time of 30 min were used as
selective parameters to perform a two-stage regeneration test.
Thermal regeneration was done by heating the spent adsorbent for
30 min at 300 8C in an electric furnace, while the spent adsorbent
was placed in 0.1 M sulfuric acid for 30 min to attain chemical
regeneration. The regeneration efﬁciency (Re) was estimated via
the following equation:
Re ¼ Mac
Mbc
 100 (12)
where Mbc and Mac (mg/g) are the amount of adsorbed dye onto as-
prepared activated carbon before and after regeneration test,
respectively [31]. The results of regeneration test, which was
carried out two times, are given in Table 5. For thermal
regeneration, the regeneration efﬁciency (%) was decreased from
87.86 to 70.13% after two times regeneration, while, in the case of
chemical regeneration, it was decreased from 75.16 to 57.56% after
Fig. 8. Comparison between the efﬁciency of commercial activated carbon and as-
synthesized activated carbon for decolorization of AO7 under different initial dye
concentrations.
Z. Noorimotlagh et al. / Journal of the Taiwan Institute of Chemical Engineers 45 (2014) 1783–17911790two times regeneration. Therefore, the thermal regeneration can
be recommended to efﬁciently regenerate as-prepared activated
carbon occupied by dye molecules. In accordance with our results,
Nahm and coworkers found that thermal regeneration is more
efﬁcient than other regeneration agents in recovering spent
activated carbon during adsorption process [32].
3.8. Comparative study
A simple comparison between commercial activated carbon
and activated carbon derived from milk vetch was carried out to
evaluate the capability of as-prepared activated carbon to be used
as an alternative adsorbent for treating colored solutions. For this
purpose, the efﬁciency of commercial activated carbon and as-
prepared activated carbon was compared under different initial
dye concentrations (25, 50 and 75 mg/L) where contact time, initial
pH and adsorbent dosage were constant at 30 min, 7 and 1 g/L,
respectively. As can be clearly seen from Fig. 8, at initial dye
concentrations of 25, 50 and 75 mg/L, the efﬁciency of as-prepared
activated carbon for removing AO7 were 87.90, 85.10 and 76.10%,
respectively, while in the case of commercial activated carbon, the
decolorization efﬁciency (%) of AO7 were 40.96, 28.68 and 25.03%,
respectively. This indicated that the efﬁciency of as-prepared
activated carbon was greater than that of commercial activated
carbon under same operational conditions. It can be related to the
nature, surface characteristics and structural properties of
activated carbon prepared from milk vetch facilitating the
adsorption of AO7 in aqueous phase. Therefore, activated carbon
prepared from milk vetch can be used as efﬁcient adsorbent for the
adsorption of dye molecules from aqueous phase even when
compared to expensive commercial activated carbon. Similar
result has been reported by Hameed and Daud in the adsorption of
basic blue 3 onto activated carbon prepared from agricultural
waste [33].
4. Conclusions
In the present work, the efﬁcacy of activated carbon derived
from milk vetch was evaluated for the adsorption of a textile dye in
aqueous phase. The main ﬁndings of the investigation can be
summarized as follows:1. Structural analysis of the adsorbent showed that the as-
prepared activated carbon had an uneven porous structure.
2. The adsorption of dye was inﬂuenced by the initial pH,
adsorbent dosage, contact time and initial dye concentration.
As results, increasing initial pH and adsorbent dosage resulted in
decreasing the amount of adsorbed dye as mg/g, while
increasing contact time and initial dye concentration led to
enhancing the adsorption. Moreover, the adsorption capacity of
activated carbon was not signiﬁcantly inﬂuenced by the
competing anions.
3. The kinetic and isotherm studies were conducted and the results
showed that the adsorption process follows Langmuir isotherm
and pseudo-second order kinetic models.
4. On the basis of the D–R isotherm model and the value of mean
free energy, the adsorption process would be physical in nature.
5. Overall, the activated carbon derived from Iranian milk vetch can
be an efﬁcient and cheap adsorbent for treating colored efﬂuents.
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